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PLASMA ETCHING METHODS 

xrrHN trAT FIELD 

This invention relates to p.asma etching methods. 

P1 astna etchers ate — use, in sent— wafer 

d „ped SiO, An o*de etching gas, tor examp.e^ P 

„ da P.asma generated therefrom over the wafer or wafers 

- e,Ch " ' . , chemistrv in combination with the 

betog processed. The etchtng gas chem tr, 

pl asma is idea!., chosen to he high,, seiecuve to etch 
U through ,e photoresist openings in a high, anisotroptc ^ 
.thou, appreci,,, etching ,e photoresist itse, A ^ - 

openings than woul d otherwise occur with wet etching — 

One W e of P-a etcher inciudes — coupled et h. 

coiled about or at the top 

chuck within the chamber atop which one or more 

e d Ues The cytostatic chuc, can be se.ectiveiy btased as 
processed lies. 

determined bv ,e operator. Unfortunate, when — « 
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coupled etching reactors, grow5 
the interna, reactor side™!! »*"; ^ ^ ins , abimies in the 
in .hictne, - — - ?t ° C "7 (o flaWng ciastog pa«icu,a,= 

eontantinatton. „„ . wite4 . 

^ WiCal "l, a ,as m a e,c, — 0 2 — 
from the reactor emp.oys » ^ .„„ of etchi ng of .he 

— Waf " . the eiectrostatic — *** * SettSmVe 
eharnhe, This hoth protects ^ ^ ^ ^ majdmizes 

t0 particuiate con-an—) dunng ^ ^ 

thioughpot of m W a f ers ^ , he clea0 , ls o has * 
„ that - ^ f m , he ovct the P— S etched 

" ^ 0025 "I the-ac, openings ^ the 
the contact. I» others, „ ^ 

This results m an mne nQt 
formed, iw* become smaller, u 

, • « As contact openings 
of the circuitry design. As ^ adjuSt m 

n f <ize to compensate 
further increments of size 
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v n«:ed to minimize critical 

. /nf achieve suitable reanv 
contact openings, and/or 

i surfaces of the etching chancer 
polymer from the internal surfaces ^ ^ 

• tifttt was motivated from this perspecti 
the invention was m d fey Ae 

•kv uses with the invention only 
appreciate Cher poss.ble uses ^ ^ 

accom panvin g *~ 
Doctrine of Equivalents. 
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Preferred embodiments of the invention are 

the following accompanying drawings, 
reference to the following ^ ong 

view of a plasma etcner 
Fig . l is a diagrammatic view 

, „ in accordance with the invention. 
Fig. 2 is a view 

t to that depicted by Fig. 1- 
processing step subsequent to that 
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„„,,« of the invention, a V" 
ln but one aspect over „ 

• . nolvmet comprising carbon ana 
eludes form,»g a p yn> ^ (orml „ g 

.. is conducted using a g« 
the polymer, Plasma e«ch,ng In one implementation, 

» „ m chamber internal surfaces. 
lhe gas has a hydrogen component e _ 

haMe from halogen ,-ated - - £^5^ 
c^ntis^e^^ h,.ogen 
version of the halogen, «~ ^ ^ ^ 

' SUbSUntia,ly I !n one imp,eme»,ation, the gas 
thus .duces the critical dim-on loss. ^ ^ 

etched polymer. method inclu des 

In anot her hnp-ementatron, P>^ ^ ^ t ^ 

,ositioning a semiconductor wafer on ^ ^ 

et ch chamber. First plasma etchmg a polymer 

.,„ , „s comprising carbon and a halog 
wafer occurs wuh a gas ^ intcrnal 

.a the halogen forms over at 
comprising carbon and etching . 
, m , etch chamber durmg the first P 

A( ,er the firs. +~ «- - ^ * effectWe ,o etch 

v,- a is conducted using a gas 
second plasma etching uberated 

polymer f r om chamber interna, surfaces and ge.t ^ ^ 

/MT-t/SMP-OO 
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■ the second plasma etching. The fits, and 

- - ~ : r: ih, — - - 

subatmospheric pressure at all tm 

plasm a etches. fluortae cWorine „ „ 

Th e halogen preterab, ^ inclu4es 

thet eof. The gas a. least dunng the 

oxygen, such as 0 2 . 
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„ ™ THE PREEEBBEfiJMEfiEIMESlS 

This disclosure ,e Invention . — ^ 

„ f ,he U.S. Patent Laws to v 
constitutional purposes of the 

.. „ful arts" (Article 1, Section 8). 

on the interna, 

lt has been discovered tha, the po.^r . ^ 
wal , s 0f the etching chautber includes a s-gn^n ^ 

^ «r reactive fluorine species. 

- ""ri — ■ - — - - 

dioxide material on the wafer, 

■ a •«« nf the contact openings. 
ma terial and the widening of the 
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.. no react0 r is indicated generally 
• .« Fie 1 a plasma etching reactor 
Referring to Fig. i. j 
, to Such includes sidewalls 12 having 
with reference numeral 10. 

surf aces 14. One or more gas mlets 16 ^ 

. . , relative to etching chamber 12. * p 

outlets 18 „ ^ ^ — wd establishing dcsired 

sub a.mo 5 pher,c pressu embo diment . 

P1 asma etching reactor 10 ^ 
r d as an inductive* coupied plasma etcher havtng 
C0 " figU „ bet 12 in the for* of an e.ectrosta.ic chud, 

receiver 22 within chamber 12 An 

re 2 4 is electrically coupled with rece.v 
A biasing source matica lly shown externally 

.„„rM 26 is diagrammatical^ su 
inductive plasma inducmg source 

at the top of chamber 10. semi conductor 

•,v, the preferred embodiment, a 
In accordance with the prsi 

fer receiver 22 within chamber 12. 
frr 30 is positioned upon wafer receive 
wafer 30 is P photoresist layer 32 

- - - , — — •• 

« in<tnlative oxide layer ^noi »y 
tor med on an « ^ ^ opemng 

, he outer surface of wafer 30. ^ ^ ^ 

paHerns (00t specificany shown) fo ^ ^ 

assure is established and maintained within 
a rf^ired vacuum pressure 

mD 20 An example chamber pressure 
v 1? utilizing vacuum pump 2U. 
chamber 12 utilizing Induc tively coupled 

isfrom about 30 mTorr to about _ 

u r? are appropriately biaseu 
source 26 and chuck 22 are app 

PAT'US\AP-00 
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1W -> - , „„„„„„ M 

, nf 100 - 400 volts. Receiver 22 can 
example of 100 „ some 

is allo wed «o float, or otherw.se be establis 

* m°r to about 4U 

, « ma is formed immediately over wafer 30. 8 

exemplary gas woul d 

— * car :;: : — - - - — 

be CF4 . B.ching - -ducted ' wafcr 30 

openings with in the native o»de m^ ^ ^ 

through the contact openin g patterns formed 

, m ,r laver 40 comprising carbon and 
fortunately, a Poller U, ^ ^ ^ „ „ 

plasma etch chamber !2 dunn g such etchmg. 

• , „, 52 (not specifically shown). Such p 
form over photorestst layer ^ ^ 

bm one eMmple of forming a pol^r omp » 

„ teast some internal surfaces of a plasma 
over at least some plasma 

E „ 2 and at the conclus.on of the fust P 
Referring to Fig. 2. ^ 
• „ 30 on electrostatic chuck 22, chuclt 

etching and w«h wafer 30 on ^ 

„ed at ground or floating potent.al and 
ovtded g ch (rom chamber inl e rM l 

Conduced using a gas e * ^ ^ „ 

surfaces 14. The gas ideally has 
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♦ *0 and polymer from chamber 
32 from substrate 30 ana p« j 

^ Ph ° ,0reSiSt 7,o,h being -wn as removed * * »• 

— — U( , ottheg as are selected » - ^ 

snch one or more components ^^fe^ 

liberated from the polymer toje _ 

to getter halogen liberated ^ ^ 

• oxide or other previously etcne _ , 

In one example, ■ tQ form 

• — ''"•••;;r,;i « . - - — 

th e semiconductor wafer, include 

., , ,8 Example hydrogen atom con 
through outlet 18. ^ hydI0ge » 

, pu One example gas i° r * 
N H 3 . H 2 , and CH 4 . ^ essentially of 

comp onen, to the chamber . ~ ^ ^ ^ ^ ^ 

oa* or greater and H 2 ai * u 

ln a „o,her example, (U ., 

f samples include nyui 
compound. Exampi Hydr0 carbons will 

c ne methyl ketone). 
formaldehyde) and ketones <..e., ^ ^ 

oc ^ hvdrogen haliae. 

survWes the processing, the 
. . , c-0 bond which survive 
compound comprises a ^ ^ e(ched 

be gettered as tUA x . 
hal0 gen will typically be g having , 

u rarbon containing gettering 
nalogen. One example carbon ^ 

CO bond is CO. produced ( or example within P 
C0 2 to within the reactor. 
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„ materia, Sue, facUUa.es etching of both polymer 
su ch as 0 2 or other materia,. ^ 

ct over the substrate. Where the ga 
and photoresist over comp0 nent and 

^rr^^---— - ,f,^ 
* ,,ta, 1 ^To — - — c ° fflpone ° , ■ one 

lea st 0.1:1 of 0 2 to ^ ^ ^ plasma 

reduction to P-ctice example « 

, f«d for the second plasma etching of 
etch er include^ ^ ^ ^ ^ compound> 

and 1,000 *e»P« ^ 80% b , volum e 

soch „ prefer P-ided at from about 5% 

of the ow^arbon compound mixture. ^ 
— ns .thin »e chamber with ep 

temp erature and biasing ^ - — — » « ^ 

Hifferent Regardless, such first an 
as in the first etching, or d.fferent. 

■ re ideally conducted at subatmosphenc pressu 
pl asma etchings are idea,, ^ ^ the 

— - "I I ch amber being maintained a. some 

subatmospheric pressure at all tun 

plasma etchings. described 

u estate the invention has been u 

* :: : — . >•-■■ - - — ■ - 

features. M' described, since the means 

/mm/sumo 
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